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I - B I O L O G I C A L  C O N T R O L  IN B R A Z I L
E M B R A P A / C N P D A  ( B r a z i l i a n  A g r i c u l t u r a l  R e s e a r c h  C o r p o r a t i o n /  
N a t i o n a l  R e s e a r c h  C e n t e r  for A g r i c u l t u r e  D e f e n s e )
M  - I n t r o d u c t i o n
C r o p  p r o t e c t i o n  a g a i n s t  p es ts  and p a t h o g e n s  c o r r e s p o n d s  to a 
c r i ti ca l a s p e c t  In a g r i c u l t u r e .
S u c h  p r o t e c t i o n  can be a r t i f i c i a l l y  a c h i e v e d  t h r o u g h  
d i f f e r e n t  m ea n s ,  as the Use of p e s t i c i d e s  or ot her less 
d i s r u p t i v e  m e t h o d s ,  e s p e c i a l l y  B I O L O G I C A L  C O N T R O L .
U n d e r  an a p p l i e d  p o i n t  of view, b io l o g i c a l  control re fe rs  to 
the use of natural e n e m i e s  ( p a r a s i t e s ,  p r e d a t o r s  and p a t h o g e n s )  
to re du ce  pest p o p u l a t i o n s  b e l o w  their e c o n o m i c  d a m a g e  levels or 
to re d u c e  v e c t o r s  of p a t h o g e n s  to less harmful levels.
A l t h o u g h  not e a s i l y  a t t a i n a b l e  for all s o rt s of pest 
p r o b l e m s ,  s u c c e s s f u l  p r o j e c t s  have r e s u l t e d  In c o n s i d e r a b l e  
s a v i n g s  to growers- w o r l d w i d e .  In a d d i t i o n ,  r e c e n t l y  g r o w i n g  
pu b l i c  c o n c e r n  a b o u t  e n v i r o n m e n t a l  q u a l i t y  and the p o s s i b i l i t y  of 
e n v i r o n m e n t a l  p o l u l t i o n  wi th  e x t e n s i v e  use of ch em ic al  p e s t i c i d e s  
have tu r n e d  the a t t e n t i o n  of the s c i e n t i f i c  c o m m u n i t y  t o w a r d s  a 
r e n e w e d  i n t e r e s t  In b i o lo gi ca l c o n t r o l .
I I . 1 - The I m p o r t a n c e  of B i o l o g i c a l  Cont ro l
The m e t h o d  th a t was d e v e l o p e d  s c i e n t i f i c a l l y  over a h u n d r e d  
ye ar s ago p r e s e n t s  c o n s i d e r a b l e  c h a n c e s  of s u c c e s s  In r e l a t i o n  to 
d i f f e r e n t  g r o u p s  of pest or gan  I sms ( here u n d e r s t o o d  in the broad 
sense, I n c l u d i n g  a r t h r o p o d s ,  p a t h o g e n s  and we e d s ) i
All over the wo rl d,  m o r e  than one h u n d r e d  and t w e n t y  
s p e c i e s  of Insec ts and m i t e s  have been p a r t i a l l y  or t o t a l l y  
c o n t r o l l e d  af ter the I n t r o d u c t i o n  of natural c o n t r o l l i n g  agent s.
In s p it e of the b e n e f i t s  of b l o c o n t r o l  p r o g r a m s  d e v e l o p e d  
In B r a z i l ,  f e w  have been s u b m i t t e d  to an a d e q u a t e  q u a n t i f i c a t i o n  
of the r e s u l t i n g  e c o n o m i c  b e n e f i t s .
A r e c e n t  r e v i e w  by F l o r e s  et al (In pr es s ) has p r e s e n t e d  the 
I m p o r t a n t  a c c o m p l i s h m e n t s  of d i f f e r e n t  E M B R A P A ' s  p r o j e c t s  on
bio logical pest co nt r o l .  Q u i t e  a fe w  ot her  p r o j e c t s  c o n d u c t e d  by 
B r a z i l i a n  e s p e c l a l l s t s  w o r k i n g  for d i f f e r e n t  I n s t i t u t i o n s  could 
also be m e n t i o n e d ,  the f i r s t  of w h i c h  w e r e  c o n d u c t e d  In the 
b e g l n i n g  of this c en tu r y .
II .E - The P o t e n c i a l  to the C o u n t r y
Some of the m o s t  I m p o r t a n t  a d v a n t a g e s  of b i o l o g i c a l  control 
over other m e t h o d s  Is the f a c t  th at  once a c c h i e v e d  it Is 
p e r m a n e n t  in m o s t  ca ses  and once e s t a b l i s h e d  It may  s p r e a d  over 
wi d e e c o l o g i c a l l y  c o m p a r a b I e  a r e a s  , w h i c h  m a k e s  it p a r t i c u l a r l y  
a t r a c t l v e  to d e v e l o p i n g  c o u n t r i e s ,  w h e r e  fi na n c i a l  c i r c u m s t a n c e s  
and e d u c a t i o n a l  s t a t u s  of g r o w e r s  limit the v i a b i l i t y  of other 
m e t h o d s .
11.3 - I n f r a s t r u c t u r e  A v a i l a b l e  and C o n s t r a i n t s
A l t h o u g h  the nu mb e r  of s p e c i a l i s t s  In b i ol o g i c a l  control Is 
r e l a t i v e l y  small c o m p a r e d  wi th  s p e c i a l i s t s  w o r k i n g  in ot he r 
a s p e c t s  of a g r i c u l t u r a l  r es ea r c h ,  m a n y  of the B r a z i l i a n  
b i ol o g i c a l  control s p e c i a l i s t s  are w o r l d w i d e  r e c o g n i z e d  as very 
p r o m i n e n t  In th eir area of work. The f i el d of bi o l o g i c a l  control 
Is well e s t a b l i s h e d  In the c o u n tr y,  wi th  a s ol id  e x p e r i e n c e  
a c q u i r e d  t h r o u g h  the, years.
One of the m a j o r  c o n s t r a i n t s  w h i c h  p e r s i s t e d  for a long time 
was f i n a l l y  o v e r c o m e  by the e s t a b l i s h m e n t  of a N at io n a l  
Q u a r a n t i n e  f a c i l i t y ,  w h i c h  Is now  un der  o p e r a t i o n ,  and w h i c h  
s h o u l d  f a c i l i t a t e  the p r o c e s s  of I n t r o d u c t i o n  of n e w  p r o m i s i n g  
natural e ne my  c a n d i d a t e s .  i n t r o d u c t i o n s  s h o u l d  no w be safer, by 
p r e l i m i n a r i l y  c o n s i d e r i n g  po te n c l a l  risks In v ol ve d  in the 
I n t r o d u c t i o n s  and by r r o c e s s l n g  the I n t r o d u c t i o n  p r o p e r l y .
Some  r e s e a r c h  I n s t i t u t i o n s  all over the c o u n t r y  are 
r e a s o n a b l y  e q u l p e d  to c o n d u c t  b i o l o g i c a l  control a c t i v i t i e s ,  
a l t h o u g h  in ma ny  ot her c as es  they are not u p d a t e d  In t er ms  of 
l a b o r a t o r y  e q u i p m e n t s ,  c o m p u t e r  f a c i l i t i e s ,  etc.
N e v e r t h e l e s s ,  t h er e Is a m a j o r  c o n s t r a i n t  In b i o l og ic al  
control work, w h i c h  Is not a p a r t i c u l a r i t y  of the c o u n t r y  but a 
c o m m o n  r e a l i t y  a l m o s t  e v e r y w h e r e .  B i o l o g i c a l  control a c t i v i t i e s  
In m o s t  c a s e s  are not of i n t e r e s t  to p r i v a t e  I n i t i a t i v e s ,  and 
thus  bi ol o g i c a l  control s p e c i a l i s t s  g e n e r a l l y  face c o n s i d e r a b l e  
d i f l c u l t l e s  In r a i s i n g  f u nd s for t h e ir  work, in m o s t  c as es  they 
have to rely on p r o g r e s l v e l y  m o r e  s c a r c e  f u n d s  f r o m  p ub l i c  
s o u r c e s ,  or f r o m  I n t e r n a t i o n a l  o r g a n i z a t i o n s  r e l a t e d  to 
e n v i r o n m e n t a l  p r o t e c t i o n .
M l  - R E S U L T S :  M a j o r  R e s u l t s  In B i o l o g i c a l  Cont rol
I
'I-
i l l . l - A g r l c u l t u r e
, t
I
R e g a r d l e s s  of the d I f I c u I 11 e s , t h e r e  Is a. s e r i e s  of 
c o n s i d e r a b l e  r e s u l t s  w h i c h  have been o b t a i n e d  In B r a z i l .  We now 
m e n t i o n  some of the m o s t  o u t s t a n d i n g  r e s u l t s  n a t i o n w i d e ,  g i v i n g  
spe cia l c o n s i d e r a t i o n  to the m o s t  r e c e n t  p r o j e c t s .
One of the m o s t  cl as s i c a l  and w o r l d w i d e  known e x a m p l e s  of 
b io l o g i c a l  control of a pest b y t h e  use of a p a t h o g e n  was 
c o n d u c t e d  In n o r t h e a s t e r n  B ra z il . T h a t  I n v o lv ed  the use of the 
f u n g u s  M e t a r r h  I z I urn a n i s o p l l a e  -for the control of the s u g a r c a n e  
s p l t t t l e b u g  M a h a n a r v a  p o s t l c a t a ,  w h i c h  is now  r o u t i n e l y  c o n d u c t e d  
by p r i v a t e  g r o w e r s  or g r o w e r s '  a s s o c i a t i o n s ,  p r o v i d i n g  the 
p r o t e c t i o n  of h u n d r e d s  of t h o u s a n d  h e c t a r e s  a g a i n s t  w h a t  is one 
of the m o s t  i m p o r t a n t  pe st  of s u g a r c a n e  In the n o r t h e a s t .
A n o t h e r  o u t s t a n d i n g  e x a m p l e  on s u g a r c a n e  r ef e r s  to the 
control of the s u g a r c a n e  borer, D I a t r a e a  s a c c h a r a i  I s , w h i c h  was 
a c ç o m p l l s h e d  wi t h the i n t r o d u c t i o n  of the p a r a s i t e  A p a n t e l e s  
f l a v l p e s  in 197^. Up to the end of 1989, over 7.1 b i l l i o n  A. 
f l a v l p e s  had been r e l e a s e d  In n o r t h e a s t e r n  and s o u t h e r n  Brazil 
for the control of the pest. As a r e s u l t  of the r e l e a s e  of this 
and ot her  less p r o m i s i n g  p a r a s i t e s ,  the level of p a r a s i t i s m  has 
Ju mpe d f r o m  1 3.7 7 to 25 . 5 8 % ,  k e e p i n g  d a m a g e  at a c c e p t a b l e  levels.
A n o t h e r  i m p o r t a n t  e x a m p l e  of s u c c e s s f u l  b io l o g i c a l  control 
re f er s to the w h e a t  a p h i d s  Sch I zaph I s g r a m l n u m ,  M e t o p o I o p h I  urn 
d l r h o d u m  and S I t o ù l o n  a ve na e,  w h i c h  are n ow  c o n t r o l l e d  us ing  the 
p a r a s i t e s  A p h e l l n u s  and Aptildlus as well as the p r e d a t o r s  
H I p p o d a m l a  q u I n q u e s I g n a t a  and C o c c l n e l l a  s e p t e m p u c t a t a . Th i s 
p r o g r a m  e l i m i n a t e d  the use of one m i l l i o n  liters of I n s e c t i c i d e  
in the S t a t e  of Rio G r a n d e  do Sul In 1977 and 1.6 m i l l i o n  liters 
In the S t a t e  of P a r a n á  In 1989. Th is  t r a n s l a t e s  Into a s a v i n g s  
of m o r e  than f i f t e e n  m i l l i o n  d o l l a r s  In c h e m ic al  p e s t i c i d e  
a p l l c a t l o n s .
In N o r t h e a s t e r n  B r az il , the contr ol  of the t o m a t o  pin w o r m  
{Scr opI  pa I pu I a a b s o l u t a )  was m a d e  p o s s i b l e  b y . 1n t r o d u c 1n g the of 
P e r n a m b u c ç .  P ri or to the I n t r o d u c t i o n  of the p a r a s l t o l d ,  the 
pin w o r m  c a u s e d  losses of a p r o x i m a t e i y  1^0 t h o u s a n d  tons of 
t o m a t o e s ,  e q u i v a l e n t  to 8 m i l i o n  d o l l a r s ,  over the last ID years. 
The level of p a r a s i t i s m  by T. p r e t I o s u m  has been m a i n t a i n e d  at 
1 9 . 5 %  to '12.90%, af ter less than less one year of the 
I n t r o d u c t i o n  of the p a r a s l t o l d .  The re s u l t  of this  s u c c e s s f u l  
e x p e r i e n c e  Is no w being s p r e a d  over the w h o l e  region, as a re s u l t  
of the c o n s i d e r a b l e  I n t er es t of m o s t  of the t o m a t o  g r o w e r s  In the 
region, w h i c h  p r o d u c e s  m o s t  of the p r o c e s s i n g  t o m a t o e s  in the 
c ou nt r y .
In m o s t  of the s o y b e a n  g r o w i n g  r e g i o n s  In Br a z i l ,  a m a j o r  
e x a m p l e  of a p p l i e d  b i o l o g i c a l  control Is r e l a t e d  to the 
a p p l i c a t i o n  of the e n t o m o p a t h o g e n  B a c u l o v l r u s  a n t l c a r s l a  to 
control the v e l v e t b e a n  c a t e r p i l l a r  A n t l c a r s l a  g e m m a  tails. In 
the 1 9 8 9 / 9 G  g r o w i n g  se as on , one m i l l i o n  h e c t a r e s  w e r e  t r e a t e d  
wi th  this virus. A ft er  b e g i n n i n g  the use of this  s y s t e m  In 
1983, some five m i l l i o n  h e c t a r e s  of s o y b e a n s  w e r e  t r e a t e d  wi th  
this p a t h o g e n  r e s u l t i n g  In a f i f t y  m i l l i o n  d o l l a r s  s a v in g s.  
Th i s t e c n o i o g y  has r e c e n t l y  been p as s e d  to ■ four p r i v a t e  
c o m p a n i e s ,  w h i c h  are now  p r o d u c i n g  the p a t h o g e n  for c o m m e r c i a l  
pu rp os e.  A s id e f r o m  the s a v i n g s  of f u n ds  to the c o u n t r y ,  b e c a u s e  
of the r e d u c e d  i m p o r t a t i o n  of c h e mi ca l p e s t i c i d e s ,  the d a n g e r  of 
c o n t a m i n a t i o n  and g r o w e r s  I n t o x i c a t i o n  has c e r t a i n l y  re d u c e d  
s i g n i f i c a n t l y ,  c o n s i d e r i n g  the c o n s i d e r a b l e  area over w h i c h  
s o y b e a n  is g row n in B ra zil .
S i n c e  1985, the g r a n u l o s i s  vi rus  (GV) B a c u l o v l r u s  e r l n n y l s  
has been used for the control of E r l n n y l s  ello, an i m p o r t a n t  pest  
of c as sav a,  a s t a p l e  fod in m a n y  a r e a s  of B r as il , g ro wn and 
e s p e c i a l l y  by small g r o w e r s  in n o r t h e a s t e r n  Br az il . T h i s  virus 
GV was used in 8GD h e c t a r e s  of c a s s a v a  In the S t a t e  of B a h i a  f r o m  
1985 to 1986. In the s o u t h e r n  part  of B r az i l,  w h e r e  the pe st  is 
also Imp ortant, this vi rus  has been c o n s i s t e n t l y  used over the 
year, and is now  being f o r m u l a t e d  to f a c i l i t a t e  its c o n s e r v a t i o n  
f r o m  one year to the next, and its fi eld  a p l i c a t i o n .
S t r a i n s  of the f u n g u s  Co I IetotrI c h u m  g I o e s p o r I o I  des have 
also been Is o la te d f r o m  the m e a l y b u g  O r t h e z i a  p r a e l o n g a  on 
citrus, and used e x p e r i m e n t a l l y  for the control of this pest  at a 
c o n c e n t r a t i o n  of 1 o“ c o n l d i a / m l  c a u s i n g  80 to 100% m o r t a l i t y .
B i o l o g i c a l  control of o t h er  I m p o r t a n t  p es ts  of s o y b e a n ,  the 
stink bugs N e z a r a  v l r l d u l a ,  P I e z o d o r u s  g u l l d l n l l  and E u c h l s t u s  
he ro s has also been I n v e s t i g a t e d  u sin g the egg p a r a s l t o i d  wasp, 
T r i s s o l c u s  b a s a l l s .  Af ter  d e t e r m i n i n g  the t e ch ni ca l v i a b i l i t y  of 
the ap pr o a c h ,  the p r o j e c t  Is no w I m p l e m e n t i n g  the use of the 
p a r a s i t e  by g r o w e r s .
An o t h e r  pe s t of g r e a t  c o n c e r n ,  the wo od  borer S I r e x  
n o c t l l l o ,  w h i c h  was r e c e n t l y  I n t r o d u c e d  Into s o u t h e r n  Brazil is 
now  being i n v e s t i g a t e d  In t e r m s  of the v i a b i l i t y  of Its control 
by a p a r a s i t i c  n e m a t o d e ,  in 1989, this insect c a u s e d  the loss of 
mo r e than one m i l l i o n  t r e e s  or c ub ic  m e t e r s  of p i n e w o o d .  A
t e c h n i q u e  w h i c h  i n v o l v e s  the use of the n e m a t o d e  D e l a d e n u s  
s i r l c l d l c o l a  Is n o w  being d e v e l o p e d .  Ju s t a fte r the f i r s t  
r e l e a s e s  into f i e l d s  in 1 9 9 0 , . the level of p a r a s i t i s m  a v e r a g e d  
30 %  R e a c h i n g  a m a x i m u m  of up to 75%. Ma s s b r e e d i n g  of this 
n e m a t o d e  Is being d e v e l o p e d  for r e l e a s e  in f i e l d s  of the S t a t e s  
of S a n t a  C a t a r i n a  and Rio G r a n d e  do Sul In 1992.
O t he r p r o m i s i n g  r e s e a r c h  p r o j e c t s  In the f ie ld  of b i o lo g ic al  
control us ing  e n t o m o p a t h o g e n s  incl ude  the use of a v i ru s for the 
b i o lo gi ca l control of the fall a r m y w o r m  S p o d o p t e r a  f r u g I p e r d a  in 
corn, by the use of a v ir us  and the rice bug T I b r a c a  
I I m b a t l v e n t r I s  u s in g the f u n g u s  M e t a r h I z I  urn a n i s o p h l a e .
Jo int p r o j e c t s  I n v o l v i n g  d i f f e r e n t ,  B r a z i l i a n  and 
In t ern ati on al o r g a n i z a t i o n s  have been c o m m o n l y  u n d e r t a k e n ,  
p r o m o t i n g  the use of b i o lo gi ca l control In Brazil and ot her 
c o un t r i e s .  Some exi'amples Incl ude  w o r k s  In c o l a b o r a t i o n  with 
several of the I nt er n a t i o n a l  c e n te rs ,  as Cl AT  and IITA, and 
several No rt h A m e r i c a n  and E u r o p e a n  U n i v e r s i t i e s .  T h o s e  
a c t i v i t i e s  also i;nvolve e x c h a n g e  of e x p e r i e n c e s ,  i n f o r m a t i o n ,  
n atural e n e m i e s  and pe r s o n n e l .
The use of bio lo gi ca l control for m i n i m i z i n g  pl ant  
d i s e a s e s  Is e x t e n s i v e  and some e x a m p l e s  are listed below. To 
control apple root rot ca u s e d  by the f u n g u s  P h y t o p h t h o r a  spp. the 
.antagonic fu ng u s T r t c h o d e r m a  v ir l d e  has been used s u c c e s s f u l l y  in 
Rio G r a n d e  do Sul. N e w  g e n e t i c a l l y  imp ro ve d b l o t y p e s  of T. 
h a r z l a n u m  were d e v e l o p e d  to a l l o w  Joint use of this f u n g u s  wi t h 
r e d u c e d  d o sa ge s of c h e m i c a l s  a p p l i e d  to control such root fungi 
as Sc Ie rot InI a m i n o r  and S .sc I e r o t I o r u m  In lettuce. R e s u l t s  are 
p r o m i s i n g  when used by small f a r m e r s .
Induced s y s t e m i c  r e s i s t a n c e  (p la n t  I m m u n i z a t i o n )  o f f e r s  
p r o m i s e  of p r o v i d i n g  a l t e r n a t i v e  m e a n s  of control the ’t r i s t e z a  
dos c i t r o s” e f f e c t i v e l y  and e c o n o m i c a l l y .  I m m u n i z a t i o n  of 
ci t r i s  pla nt s with a weak vi rus  st r a i n  p r o v i d e s  p r o t e c t i o n  
ag-ainst sev e re  st ra in  tha t c a u s e s  the d i s e as e.  i m m u n i z a t i o n  of 
c i t r u s  pl ant s r e p r e s e n t s’ a p r o d u c t i o n  I n c r ea se  of s ev en  to e i g h t  
ti me s whe n c o m p a r e d  w it h non I m m u n i z e d  plants.
But one of the m ai n e x a m p l e s  of a p p l i e d  b i o co n tr ol  in f iel d 
c o n d i t i o n s  oc c o u r s  In N o r t h e s t .  The a n t a g o n i c  fungi A c r e n w n l u n s  
a l t e r n a t u m  and /J. ’p e r s l c l n u m  have been used to cont rol  the 
c o c o n u t  di s e a s e  c al l e d  " M x a " .  The co st  of control wh e n us in g 
th os e a n t a g o n i c  o r g a n i s m s  Is a b o u t  fiv e fold lower than the 
control wi th  chemical pesticide,.
Other p r o g r a m s  of p l a n t  d i s e a s e  b lo c o n t r o l  have been 
d e v e l o p e d  In Brazil w i t h  p r o m i s e d  re su lts , Inc l ud in g:  Induced 
r e s i s t a n c e  to control c o f f e e  rust, w h e a t  root rot c a u s e d  by 
G a e u m a n n o m y c e s  g r a m ! n I s , c o c o a  w i t c h  broom, c au s e d  by the f u n g u s  
C r l n l p e l l a  p e r n l c l o s a ,  ruber tree leaf blight, c a u s e d  by the 
f u n g u s  M l c r o c y c I  us ulel.
The bi ol og ic al  control of the p l a n t  p a t h o g e n i c  n e m a t o d e  
Me I a Id o gyn e J a v a n i c a  was o b t a i n e d  by s e l e c t e d  s t r a i n s  of the 
fungi P a e c l l o m y c e s  l l l a n l n u s  and P. f u m os o r o s e u s .. So m e of the 
P a e c l l o m y c e s  s t r a i n s  ma y be m a r k e t e d  a l r e a d y  In 1992.
B i o l o g i c a l  we ed  control has also been p u r s u e d  in B ra zil . 
The f u n g u s  tie Iml n t h o s p o  r I urn sp . was d i s c o v e r e d  and a f o r m u l a t e d  
p r o d u c t  has been d e v e l o p e d  to control the leafy spur ge.  
E u p h o r b i a  h e t e r o p h y I  I a . T h i s  p r o d u c t  p r o v i d e s  control equal to 
or even s u p e r i o r  to c hem ic al h e r b i c i d e s .
I I I .2 - V e t e r I nary S c i e n c e
One of the m o s t  p r o m l s s i n g  p r o g r a m s  re f er s to the bi ol og ic al  
control of the horn fly, H e m a t o b I  a I rr I tans u s in g the br own dung 
be etl e O n t o p h a g u s  g a z e l l a .  The natural en emy  was I n t r o d u c e d  in 
the S ta te of Mato G r o s s o  do Sul f r o m  s p e c i m e n s  r e c e i v e d  f r o m  the 
U n i t e d  Stat es . E a t i n g  dung, this Insect I n h i b i t s  the
m u l t i p l i c a t i o n  of the horn fly and several ot her w o r m s  and 
p a r a s i t e s  that ir ri ta te  c a tt le . T h i s  t e c h n o l o g y  has been pa ss ed  
on to cat tle  b r e e d e r s  by the N a t i o n a l  Beef C a t t l e  R e s e a r c h  C e n t e r  
<E M B R A P A / C N P G C ) and by the São P a u lo  S t a t e  R e s e a r c h  C e n t e r  
( U E P A E / S ã o  C a r l o s / S P ) .
The bi ol og ic al  cont ro l of the g a s t r o i n t e s t i n a l  n e m a t o d e  
H e a m o n c h u s  c o n t o r t u s  w h i c h  a f f e c t s  b o v i n e s  and ot her  r u m i n a n t s  by 
m e a n s  of the t o x i n s  p r o d u c e d  by the B a c i l l u s  t h u r I n g I e n s  I s and 
ot her natural p r o d u c t s  in test. T h i s  p r o j e c t  is c o o r d i n a t e d  by 
the National D a i r y  C a t t l e  R e s e a r c h  C e n t e r  (E i ^ B R A P A / C N P G L ) and 
also cou n ts  on r e s e a r c h e r s  f r o m  the N a t i on al  R e s e a r c h  C e n t e r  for 
the D e f e n s e  of A g r i c u l t u r e  (E M B R A P A / C N P D A ).
I I ! .3 - PubI Ic H e a l t h
The P r o d u c t i o n  and use of the c o m m e r c i a l  b i o I n s e c t I c I  de 
B a c i l l u s  t h u r I n g I e n s I s  v a r i e t y  I s r a e l l e n s i s  for the bio lo g ic al  
control . of m o s q u i t o s  A e d e s  and black f li es  Is w i d e l y  e m p l o y e d  
a r o u n d  the world. . R e s e a r c h e r s  at the N a t i on al  C e n t e r  for 
G e n e t i c  R e s o u r c e s  and B i o t e c h n o l o g y  ( E M B R A P A  / C E N A R G E N  / 
B I O T E C H N O L O G Y )  r e s e a r c h  p r o d u c t s  on the base of B a c i l l u s  
s p h a e  rI eus wh ich  have p r o v e d  e f f i c i e n t  in the control of the 
s o u t h e r n  house m o s q u i t o  Cu I ex qu I n q u e b a s c  I at us  and Anopheles'. 
C u l e x  control by B. s p h a e r l c u s  has pr ov e n  thar it is p o s s i b l e  to 
s u b s t i t u t e  total ly,  c h e m i c a l s  for b I o I n s e c t I c I  des , m a i n t a i n i n g  
c-ontrol and r e d u c i n g  costs. S t u d i e s  on the use of v a r i o u s  b y­
p r o d u c t s  and a g r o i n d u s t r i a l  r e s i d u e s  for B. s p h a e r l c u s  p r o d u c t i o n  
are In th« final st ag es.  C o n t a c t s  are being m a d e  wit h 
In t e r e s t e d  I n d u st ri es  w i t h  a v i e w  to p r o d u c i n g  a ne w 
b I 0 I nsectIcI de on a c o m m e r c i a l  scale.
JIE.SOURC£S, N E C E S S A R Y  TO P R E S E N T  E M B R A P A ' S  B I O L O G I C A L  C O N T R O L  
PR OG RAM :
* Video
* I I I U 3 t ra t Iv e pane I 3
* books, p u b l i c a t i o n s ,  f o l d e r s
* living mat e ri al  (pl a nt s.  Insec ts,  fungi, virus, ba ct e r i a ,  
n e m at od es ,  m i t e s )
* m a q u e t t e  of a solar c o l e c t o r
* o p t I c m l c r o s c o p i c
* e s t e r e o s c o p I c  m i c r o s c o p i c
* r e s e a r c h e r s  f r o m  b i o l o g i c a l  cont rol  area ( m i n i m u m  of th ree  
p e r s o n s ).
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